Gills of carangid fishes in Australian waters are dominated by a diversity of polyopisthocotylean monogeneans. This study updates current knowledge of polyopisthocotyleans from carangid hosts in waters along the Queensland coast of Australia and also off New Caledonia. The discovery of Protomicrocotyle celebesensis Yamaguti, 1953 is the first record for the genus in Australian waters and represents a new geographic location for the species, extending its distribution from Sulawesi, Indonesia and Hawaii to Australia. Furthermore, Caranx ignobilis and Carangoides fulvoguttatus are reported as new host records for P. celebesensis. Carangoides gymnostethus is recorded as a new host for Heteromicrocotyla australiensis Rohde, 1977 from a new geographic location, namely Lizard Island, Queensland. Heteromicrocotyloides mirabilis Rohde, 1977 is reported from the gills of C. fulvoguttatus off Lizard Island, Queensland representing a new geographic record. Heteromicrocotyloides megaspinosus sp. nov. is described from the gills of C. fulvoguttatus from Lizard Island, Queensland and New Caledonia. The new species is distinguished from H. mirabilis by the larger number and size of spines in the male genital corona. Gonoplasius carangis was collected from Pseudocaranx dentex at Heron Island, Queensland. Gonoplasius longirostri is synonymised with G. carangis due to overlap in measurements and similar morphology. The number of 'dorsal pits' in this taxon may not be a useful character because they can be cryptic and hard to see. Most hosts from which these two Gonoplasius species have been collected previously have been synonymised as Pseudocaranx dentex except Caranx ascensionis which is now considered to be C. lugubris. Our report of G. carangis from P. dentex at Heron Island, Queensland is a new geographic record.
Introduction
During independent surveys of gill parasites from various species of Carangidae along the Great Barrier Reef and coastal Queensland waters by DPB and IDW, several polyopisthocotylean monogeneans were recovered. Previous records of monogeneans from carangids off Australia have shown the fauna to be dominated by polyopisthocotyleans. Of 11 records from 7 carangid species listed as hosting monogeneans in the checklist of parasites of Australian and Antarctic fishes by Beumer et al. (1982) , 10 represent polyopisthocotyleans. A subsequent checklist of parasites of fish from Heron Island by Lester and Sewell (1989) added a further 10 records from carangids, of which only one is not a polyopisthocotylean. Klaus Rohde kindly donated parasite specimens from carangids from his personal slide collection for use in our study. This paper enhances the current knowledge of polyopisthocotylean monogeneans from carangid hosts in Queensland waters. We also include records of taxa recovered from some carangids surveyed off New Caledonia by J.-L.J. In New Caledonia (lists in Justine 2007), only 4 species of polyopisthocotylean monogeneans have been recorded. The present paper presents the first records of monogeneans from carangids off New Caledonia.
Materials and methods
In Queensland, Australia, fish were collected opportunistically along the Queensland coast over a number of years (1974 to 2002; Table I ) either by hand line or seine net. Most fish were examined fresh; others were examined following thawing after freezing. Gills from most fish collected by the authors were removed and placed in individual Petri dishes of seawater and studied for parasites, or gills were fixed immediately in 10% formalin; all monogeneans were removed and preserved in 70% ethanol. Monogeneans recovered alive were removed using fine needles and then fixed under partial pressure beneath a coverslip on a slide using 10% formalin. Gills of fish collected by Klaus Rohde were removed and fixed in hot 10% formalin; parasites were removed post-fixation. Some specimens were hydrated, stained with acetocarmine or Grenacher's carmine alum, dehydrated through a graded alcohol series, cleared in xylene and mounted in DPX; others were cleared in methyl salicylate and mounted unstained in Canada balsam.
Carangids off New Caledonia were collected in [2003] [2004] [2005] . Each fish was photographed, measured, weighed and assigned a unique number (JNC). Fish were observed fresh and monogeneans were flattened alive between 2 microscope slides and fixed with cold ethanol. Specimens were then stained with carmine or were left unstained and mounted in Canada balsam, according to Justine (2005) . One of the specimens of Carangoides fulvoguttatus (Forsskål, 1775) was deposited in the ichthyological collections of the Muséum National d'Histoire Naturelle [MNHN] , Paris, France with the registration number JNC1577.
Some specimens of Protomicrocotyle celebesensis Yamaguti, 1953 removed from frozen and then thawed gills of Caranx ignobilis (Forsskål, 1775) caught off Cleveland Bay, Townsville, Queensland were fixed in 10% formalin and processed for scanning electron microscopy (SEM). Seven specimens were post-fixed in ~0.5% aqueous osmium tetroxide for 15 min and dehydrated in a graded ethanol series. All specimens were critical point dried in an atmosphere of ethanol and CO 2 , mounted on an aluminium stub, sputter coated with platinum using a Bal-Tec Med 020 coating system and examined with a JEOL 6300F Field Emission SEM operating at 30 kV at The University of Queensland, Brisbane, Queensland, Australia.
Drawings were made with the aid of a drawing tube and measurements were made using an ocular micrometer. Measurements are presented in micrometres, unless otherwise stated. We appreciate that little is known about the functional morphology of the male copulatory organs of many polyopisthocotylean monogeneans. However, we have adopted the terminology of Rohde (1977; 'cirrus', ' cirrus pouch', 'cirrus corona', 'accessory copulatory apparatus') and Mamaev (1988; 'circum-cirrus armature') for Heteromicrocotyloides and Heteromicrocotylidae, respectively, for consistency.
The following specimens were borrowed from museum collections for comparison with newly collected material: Geographic localities: Macassar, Sulawesi, Indonesia (Yamaguti 1953) ; Hawaii (Yamaguti 1968) ; Heron Island, Great Barrier Reef, Queensland, Australia (present study for Caranx ignobilis; new geographic record); Lizard Island, Great Barrier Reef, Queensland, Australia (present study for Carangoides fulvoguttatus; new geographic record); Cleveland Bay, Townsville, Queensland, Australia (present study for Caranx ignobilis; new geographic record).
Site: Gills, primary gill lamellae (present study). Specimens studied: Total of 27 whole-mounts and 7 specimens prepared for SEM; 10 whole-mounts measured. Three voucher specimens deposited in the QM (G222341-222343) from Caranx ignobilis, Cleveland Bay, Queensland; 6 voucher specimens (6 slides) deposited 
Carangoides gymnostethus
Lizard Island
14°40´S, 145°27´E
Heteromicrocotyla australiensis
IDW August 1992

Caranx ignobilis
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23°26´S, 151°54´E
Protomicrocotyle celebesensis
KR July 1975
Caranx ignobilis
Cleveland Bay,
19°13´S, 146°55´E
Protomicrocotyle celebesensis JNC numbers differentiate these 4 individuals (see Table V ).
Diane P. Barton et al. 208 Table II . Comparative measurements in micrometres of Protomicrocotyle celebesensis Yamaguti, 1953 from specimens collected in this study and those reported by Yamaguti (1953 Yamaguti ( , 1968 Character Supplementary information for new material: Measurements for P. celebesensis collected in this study are presented in Table II for comparison with measurements previously presented in the literature (Yamaguti 1953 (Yamaguti , 1968 . Although there is some variation in measurements, there are no differences in anatomy between specimens described by Yamaguti (1953 Yamaguti ( , 1968 and specimens reported here. Our study presented an opportunity to study the external surface of the 'caudal lobe' of Yamaguti (1953) and haptor of P. celebesensis using SEM shown in Figure 1A -E.
Body fusiform (Fig. 1A) , maximum width just anterior to ovary (Table II) . Posteriorly, pillow-like caudal lobe of Yamaguti (1953) posterior to haptor (Fig. 1A, B) . Haptor bears single row of 4 clamps along ventral margin (e.g. Fig. 1B ). Three pairs of hooks present posteriorly, tips directed ventrally, on caudal lobe of Yamaguti (1953) ; largest hooked sclerites forming outer pair (Fig. 1C) , second largest hook pair innermost. External surface of caudal lobe of Yamaguti (1953) covered with transverse striations (Fig. 1B, C) .
Anterior end rounded, mouth subterminal (Fig. 1D ). Common genital pore situated in median line, approximately onefifth of body length from anterior end. From SEM, ventral region surrounding common genital pore is transversely striated (Fig. 1D, E) . Vagina with distal array of numerous long, closely packed sclerotised spines (too densely packed to count and measure); vaginal spines less noticeable in specimens from Cleveland Bay; opens ventro-laterally at posterior edge of striated region (Fig. 1D, E) . Vaginal pore may be provided with small, indistinct tegumental (?) spines.
Remarks: Protomicrocotyle celebesensis was described by Yamaguti (1953) from the gills of Caranx sp. collected in the waters of Sulawesi (formerly Celebes), Indonesia. Yamaguti (1968) redescribed the species from the gills of Caranx sexfasciatus, thereby expanding the parasite's distribution to Hawaii.
No species of Protomicrocotyle has been reported from fish in Australian waters (Beumer et al. 1982 , Lebedev 1986 ). There has, however, been a record of the presence of members of the Protomicrocotylidae from 2 species of trevally (C. ignobilis and C. melampygus) at Heron Island (Lester and Sewell 1989) , but these parasites were neither formally identified nor described. This is the first record of P. celebesensis in Australian waters and extends its distribution from Indonesia and Hawaii. The hosts reported in this study, C. ignobilis from Heron Island and Cleveland Bay, Queensland and Carangoides fulvoguttatus from Lizard Island, Queensland, are also new host records for P. celebesensis. The distributions of Caranx ignobilis and C. sexfasciatus are almost identical, extending throughout most of the western half of the Pacific Ocean (see Froese and Pauly 2008) . The wide distribution of these host species likely accounts for the equally wide distribution of the parasite species. In New Caledonia, four specimens of Carangoides fulvoguttatus examined had no Protomicrocotyle species. No specimens of Caranx ignobilis or C. sexfasciatus were examined in New Caledonia.
Heteromicrocotylidae Unnithan, 1961 Heteromicrocotyla Yamaguti, 1953 Heteromicrocotyla australiensis Rohde, 1977 (Table III) Hosts: Carangoides fulvoguttatus (Forsskål, 1775) (as C. emburyi, see Rohde 1977) ; Carangoides gymnostethus (Cuvier, 1833) (present study).
Geographic localities: Heron Island, Great Barrier Reef, Queensland, Australia (Rohde 1977) ; Lizard Island, Great Barrier Reef, Queensland, Australia (present study for C. gymnostethus; new geographic record); off Nouméa, New Caledonia (present study for C. fulvoguttatus; new geographic record).
Site: Primary gill lamellae. Specimens studied: 1 whole-mount from Australia measured; 1 voucher (AHC 29626) specimen deposited in the AHC of SAMA; 6 specimens from New Caledonia measured; 1 voucher (AHC 29681), 5 vouchers (MNHN JNC463).
Measurements are presented in Table III . There are no differences in the anatomy of specimens described in the original description (Rohde 1977 ) and the specimens reported here. Remarks: One specimen of H. australiensis was collected in this study from the gills of C. gymnostethus from Lizard Island, Queensland and 6 from C. fulvoguttatus off New Caledonia. Rohde (1977) described this species from C. emburyi at Heron Island; this species was subsequently recorded from C. fulvoguttatus, also at Heron Island (Lester and Sewell 1989) . Carangoides emburyi has been synonymised with C. fulvoguttatus (see Froese and Pauly 2008) . The measurements of our specimens are within the range given by Rohde (1977) (see Table III ). Therefore, our findings represent a new host and geographic record for H. australiensis on carangid fishes in Queensland waters and a new geographic record from the type-host in New Caledonia. Only a single specimen of C. gymnostethus has been examined in New Caledonia but this parasite taxon was not found.
Heteromicrocotyloides Rohde, 1977 Heteromicrocotyloides mirabilis Rohde, 1977 ( Fig. 2B, D Site: Middle of gill filaments (Rohde 1977) ; primary gill lamellae (present study).
Specimens studied: 4 whole-mounts measured. Four voucher specimens (4 slides) deposited in the AHC of SAMA (AHC 29627).
There are no differences in the anatomy of specimens described in the original description (Rohde 1977 ) and specimens reported here (see Table IV and Fig. 2B, D) . Remarks: In this study, specimens of H. mirabilis were found on the gills of Carangoides fulvoguttatus from Lizard Island. Rohde (1977) originally described this species from C. emburyi (= C. fulvoguttatus; see Froese and Pauly 2008) from Heron Island. It was subsequently recorded from C. fulvoguttatus from Heron Island in the checklist of Lester and Sewell (1989) . A comparison of the measurements of our specimens of H. mirabilis with Rohde's specimens shows considerable overlap in most criteria (Table IV) . Minor differences in measurements likely relate to intraspecific variation. The present report represents a new geographic record for H. mirabilis on carangids in Queensland waters. This species was not found on C. fulvoguttatus in New Caledonia.
Heteromicrocotyloides megaspinosus sp. nov. (Figs 2A, C Description: Body triangular, widest posteriorly, tapering anteriorly (Fig. 3A) . Haptor not distinctly set off from body, oblique-transverse to longitudinal axis of body, comprising 3 pads of clamps, 2 anterior pads with sessile clamps, 1 posterior pad with pedunculate "fire-tong"-shaped clamps (Fig.  3A) . Sessile clamps largest at posterior end of first pad and in middle of second pad, supported by 3 pairs of arcuate marginal sclerites (1 sometimes incomplete, other 2 fused, Fig. 3D, E) and central V-shaped sclerite consisting of several parts. Pedunculate clamps with 2 valves, 1 larger ( Fig. 3H ) and 1 smaller (Fig. 3I ), each valve with single elongate peduncular sclerite and 2 small sclerites at base of peduncle (Fig. 3H, I ); each complete clamp armed with 2 narrow marginal, arched sclerites ( Fig. 3G ) from smaller valve (Fig. 3I) ; larger valve with additional sclerotised structures (Fig. 3H) ; smaller valve lacking additional sclerotised structures (Fig. 3I) . Between 2nd and 3rd clamp pad, 4-5 minute sessile clamps present (Fig. 3A, F) , appearing 'aborted' with no consistently recognisable sclerites within them (Fig. 3F) .
Buccal suckers paired, aseptate. Pharynx sub-globular, between suckers. Bifurcation of intestine anterior to level of genital pore. Intestinal caeca with medial and lateral diverticula extending into haptor anterior to clamps, coextensive for most of length with vitellarium (Fig. 3A) .
Testes sub-globular, numerous (at least 60), in single layer, in median field running from posterior of ovary to short distance anterior to end of caeca. Vas deferens becomes prominent in mid-body, sinuous, sperm-filled, runs anteriorly, enters muscular cirrus pouch which opens into unarmed genital atrium; opening of cirrus pouch into genital atrium lined ventrally with semicircle of >40 spines ("cirrus corona", Figs 2A; 3B) ; cirrus thin, unarmed, surrounded by circum-cirrus armature (terminology of Mamaev 1988) of 18-26 long spines. Common genital pore midventral. Opening of accessory copulatory apparatus midventral, anterior to genital pore; accessory copulatory apparatus armed with approximately 50 spines of more or less uniform small size (Figs 2A; 3B) .
Ovary forms transverse loop, terminal part directed posteriorly. Ootype not observed. Uterus midventral, runs medial to vas deferens, opens with male duct through common genital pore. Vitellarium follicular, in lateral fields extending posteriorly from some distance behind bifurcation of intestine to end of caeca. Vaginal opening dorsal, at midline, approximately at end of second third of body, two arms directed posteriorly ( Figs  2C; 3A, C) . Eggs fusiform; filament present at each pole (not measured or drawn).
Remarks: Heteromicrocotyloides was proposed by Rohde (1977) for H. mirabilis recovered from the gills of Carangoides emburyi (now C. fulvoguttatus) from Heron Island. The major distinguishing feature for Heteromicrocotyloides is that all clamps are arranged in a single row on the haptor, compared to opposite sides of the haptor in Heteromicrocotyla, a closely similar genus. The clamps were subdivided into 2 pads of sessile clamps and 1 pad of pedunculate clamps. In addition, the circum-cirrus armature of Heteromicrocotyloides consisted of very long spines.
Differential diagnosis: The primary differences between H. mirabilis and the new species, H. megaspinosus, are the number and length of the spines in the "cirrus corona". There are approximately 4 times as many "cirrus corona" spines in H. megaspinosus and they are almost double the length of those found in H. mirabilis (compare Fig. 2A, B) . In addition, H. megaspinosus has approximately 3 times as many spines in the circum-cirrus armature (see comparison in Fig. 2A, B ). The vaginal opening of H. megaspinosus is more posterior than that in H. mirabilis. The presence of a U-shaped hook on each side of the accessory copulatory apparatus in H. mirabilis (Fig. 2B , Table IV) which are absent in H. megaspinosus ( Fig. 2A , Table IV ) is noted below in an emended generic diagnosis.
Note about the diagnosis of Heteromicrocotyloides Rohde, 1977 The original description of the genus (Rohde 1977, p. 179) includes the presence of 1 U-shaped hook on each side of the accessory copulatory apparatus (see Fig. 2B ). Indeed, these are present in the holotype of H. mirabilis. The new species has no such U-shaped hooks. We propose to emend the generic diagnosis to "Accessory copulatory apparatus on each side with numerous uniform hooks and 1 or no U-shaped hooks". Table V shows that Heteromicrocotyla australiensis was found in 3 of the 4 fish examined and Heteromicrocotyloides megaspinosus was found in all 4 fish examined. Curiously, the biggest fish examined hosted the smallest number of monogeneans.
Note about prevalences and intensities in Carangoides fulvoguttatus in New Caledonia
Heteraxinidae Price, 1962 Gonoplasinae Price, 1962 Gonoplasius Sandars, 1944 Gonoplasius carangis Sandars, 1944 (Table VI) New synonym: Gonoplasius longirostri Robinson, 1961. Hosts: Pseudocaranx dentex (Bloch et Schneider, 1801) (as Caranx georgianus, see Sandars 1944 , Dillon et al. 1983 Longirostrum platessa, see Robinson 1961; C. lutescens, Usacaranx nobilis, see Dillon et al. 1983 following synonyms in Froese and Pauly 2008); P. dentex, see Williams (1991) and present study; C. lugubris Poey, 1860 (= C. ascensionis according to Froese and Pauly 2008 but misspelled as adscensionis by Dillon et al. 1983) . Geographic localities: North Beach, Rockingham, Western Australia, Australia (Sandars 1944 , Williams 1991 ) (type locality); Ulladulla, New South Wales, Australia (Dillon et al. 1983) ; Cook Strait, New Zealand (Robinson 1961) ; Cockburn Sound, Perth, Western Australia (Williams 1991) ; Heron Island, Great Barrier Reef, Queensland, Australia (present study for P. dentex; new geographic record).
Site: Gills (Sandars 1944 , Robinson 1961 , Dillon et al. 1983 ; gill filaments (Williams 1991) ; primary gill lamellae (present study).
Specimens studied: 21 whole-mounts studied, 10 measured. Twenty one voucher specimens deposited in the following collections: 5 in AHC of SAMA (AHC 29628); 3 in QM (G222346-222348); 5 in MNHN (HEL 85-89); 4 in MPM (18884); 4 in USNPC (101570-73).
Supplementary information for new material: Body elongate, body wider posteriorly, merging with haptor. Haptor subsymmetrical with laterally directed end; armed with clamps in 2 unequal rows; longer clamp row, usually sinistral, armed with 18-25 clamps; shorter clamp row armed with 11-14 clamps. Clamps similar in structure, dissimilar in size. One pair of hamuli and 1 pair of modified marginal hooklets I and 1 pair of marginal hooklets II present on terminal lappet.
Anterior end truncate. Buccal suckers paired, septate. Pharynx bulbous, located between buccal suckers. Oesophagus moderately long with some short diverticula, bifurcating immediately posterior to genital atrium. Intestinal caeca not confluent posteriorly.
Testes elongate to globular, 39-45 in number, postovarian, between crura and extending posteriorly to anterior part of haptor. Vas deferens extending anteriorly in midline to cirrus. Genital atrium located near anterior end, complicated; anterior part with 2 lateral, opposing muscular pads, each armed with intermediate and large spines; posterior part of atrium with 2 lateral opposing muscular pads, armed with intermediate and large sized spines; posterior part of atrium also containing 2 clusters of small spines toward midline. Cirrus bulbous, armed with spines arranged in circle.
Ovary tubular, irregularly coiled in midline. Oviduct expanded, appearing to serve as seminal receptacle. Vitellarium beginning near level of vaginal pits and proceeding posteriorly, coextensive with intestinal caeca. Transverse vitelline ducts fusing medially to form Y-shaped vitelline reservoir. Vaginal pore mid-dorsal, with spine like sclerotisations. Single vaginal duct extending posteriorly for a short distance prior to bifurcating. Two areas, consisting of 2 groups of up to 5 sclerotised pits each, located on dorsal surface, postero-lateral to vaginal pore; body proper occasionally swollen at level of these pits. Eggs not observed in specimens from this study.
Remarks: Specimens of Gonoplasius carangis were collected in this study from Pseudocaranx dentex at Heron Island. This parasite was originally described by Sandars (1944) from the gills of Caranx georgianus from Perth, Western Australia, and redescribed by Williams (1991) from P. dentex from the same locality. The type host, C. georgianus, is now considered a synonym of P. dentex (see Froese and Pauly 2008) . A subsequent record of G. carangis increased its geographic distribution to the eastern coast of Australia when Dillon et al. (1983) recorded it from Usacaranx nobilis (now also a synonym of P. dentex) from Ulladulla, NSW.
A closely related species, G. longirostri (Robinson, 1961 ) Price, 1962, was described as Microcotyle longirostri from the gills of Longirostrum platessa from Cook Strait, New Zealand (Robinson 1961) . This host species is synonymised with P. dentex (see Froese and Pauly 2008). Dillon et al. (1983) also listed G. longirostri from Caranx lutescens ascribed to Lebedev (1968) and Caranx adscensions (a misspelling of C. ascensionis; see above) ascribed as a personal communication from Mamaev, both of which are now synonyms of P. dentex (see Froese and Pauly 2008) . The differences between G. carangis and G. longirostri were for the latter: body swollen at level of vaginal pore; 2 groups of cuticle-lined pits on dorsal surface (as opposed to 2 pairs of dorsal armed suckers as described by Sandars 1944, fig. 19 ); lacking 2 lateral groups of 17-20 small hooks in anterior half of genital atrium. However, in the description by Dillon et al. (1983) for G. carangis collected at Ulladulla, they stated that their specimens occasionally had a swollen body at the level of the vaginal pits and the number of pits in each group ranged from 4-5. In addition, their diagram of the spines of the genital atrium lacked the large number of small spines in the genital atrium that was characteristic for G. carangis as described by Sandars (1944) . In his redescription of G. carangis, Williams (1991) recorded fewer small spines in the genital atrium. Neither Dillon et al. (1983) nor Williams (1991) . It is especially difficult to count hooks arming the copulatory organ. These reasons account for the lack of data for these characters in this Table, including specimens collected in the present study.
be cryptic and hard to distinguish in some specimens because some individuals appeared to lack them but others had groups of up to 5 on each side of the body. The holotype of Sandars (1944) only has 2 pits on each side; however, the specimens of Dillon et al. (1983) were reported to have 4-5 while our specimens had between none and 5. The amount of swelling of the body, as described by Robinson (1961) , appears to vary with the number of pits present. These observations suggest that the 'dorsal pits' may not be a particularly useful character. The number and arrangement of the different-sized hooks/spines associated with the complex genital armature of G. carangis and G. longirostri makes it a major challenge to count the total number present (see footnote to Table VI ). Examination of the holotype of G. carangis, indicates that the spines may have been viewed by Sandars (1944) at an angle where bends in the spines may have led to an interpretation of two or three smaller spines as depicted in her fig. 17 . We found that it was particularly difficult to count hooks arming the copulatory organ in all specimens of G. carangis that we studied. Nevertheless, there is considerable overlap in the morphology and morphometrics of G. carangis from several locations in Australia, including the current study, and the material of Robinson (1961) from New Zealand. We consider that G. longirostri is a synonym of G. carangis.
No specimens of P. dentex were examined off New Caledonia.
